













WKLFNQHVV IRUFRPSOH[ WKLQZDOOHGFRPSRQHQWVZLWKDYLHZWRXVLQJ WKLV LQIRUPDWLRQ WRJXLGH WKHKH[PHVKLQJSURFHVV7KLV
IXOO\DXWRPDWHGPHWKRGKDVEHHQLPSOHPHQWHGLQDFRPPHUFLDO&$'V\VWHP6LHPHQV1;DQGLVEDVHGRQWKHLQWHUURJDWLRQDQG
PDQLSXODWLRQRIIDFHSDLUVZKLFKDUHVHWVRIRSSRVLQJIDFHVERXQGLQJ WKLQVKHHW UHJLRQV&DUHIXOFRQVLGHUDWLRQ LVJLYHQ WR WKH
PDSSLQJPHUJLQJDQG LQWHUVHFWLRQRI IDFHSDLUV WRJHQHUDWH WRSRORJLHV VXLWDEOH IRU VZHHSPHVKLQJ WKLQVKHHW UHJLRQVDQG IRU
WUHDWLQJ WKH MXQFWLRQV EHWZHHQ DGMDFHQW WKLQVKHHW UHJLRQV 7KH TXDOLW\ RI WKH UHVXOWLQJ KH[DKHGUDO PHVK LV FRQVLGHUHG ZKHQ
PDNLQJGHFLVLRQVRQWKHJHQHUDWLRQDQGSRVLWLRQLQJRI WKHFXWWLQJVXUIDFHVUHTXLUHG WR LVRODWH WKLQVKHHW UHJLRQV7KHUHVXOWLQJ







)XOO\ DXWRPDWLFPHWKRGV IRU KH[DKHGUDO +H[PHVKLQJRI VROLGVZLWK JRRGTXDOLW\ HOHPHQWV KDYHEHHQ XQGHU







PHVKLQJSURFHVV WDNHDERXWRI WKH WRWDO WLPH LQPRGHOOLQJDQGVLPXODWLRQ >@7KHYLWDO FRQWULEXWLRQRI WKH
XVHU LV GLIILFXOW WR DFKLHYH DXWRPDWLFDOO\6LQFH D WRWDO UHPRYDO RI XVHU LQWHUYHQWLRQ LV QRW SRVVLEOH LQ WKH FXUUHQW
VWDJH RI WHFKQRORJ\ WKLV UHVHDUFK LV IRFXVHG RQ DQ LQFUHPHQWDO DSSURDFK WR +H[ PHVKLQJ E\ DXWRPDWLFDOO\
LGHQWLI\LQJ DQG SDUWLWLRQLQJ RXW WKH WKLQVKHHW UHJLRQV 7KH WDUJHW JHRPHWULHV DUH FRPSOH[ WKLQ ZDOOHG VWUXFWXUHV







VWUXFWXUHV WKDW FDQ EH XVHG WR JHQHUDWH IXOO+H[PHVKHV 7KHPDLQ GUDZEDFN RI WKH DSSURDFK LV WKDW WKHUH LV QR
WKHRUHWLFDOJXDUDQWHHWKDWWKHJHQHUDWHGIUDPHILHOGFRUUHVSRQGVWRWKHVWUXFWXUHRID+H[PHVK
6RPHUHVHDUFKIRFXVHVRQWKHLGHQWLILFDWLRQRIWKHVZHHSDEOHYROXPHV/XHWDO>@SURSRVHGDQDSSURDFKWR
FODVVLI\LQJ WKH HGJHV RI WKH PRGHO LQWR GLIIHUHQW W\SHV RI ORRSV EDVHG RQ ZKLFK GLIIHUHQW FXWWLQJ IDFHV DUH
FRQVWUXFWHG (GJH ORRSV RIIHU D JRRG JXLGDQFH IRU GHFRPSRVLWLRQ EXW LW FDQQRW JXDUDQWHH WR JHW WKH EHVW
GHFRPSRVLWLRQ FKRLFH 6RPH UHVHDUFK IRFXVHV RQ WKH LGHQWLILFDWLRQ RI WKH VZHHSDEOH YROXPHV /X HW DO >@









:KLOVW 5RELQVRQ IRFXVHG RQ JHQHUDWLQJ GHFRPSRVLWLRQV IRU VWLIIHQHG VKHOO PRGHOV 0DNHP XWLOL]HG WKH WKLQ
GHFRPSRVLWLRQ WRJHQHUDWHPL[HGVROLGHOHPHQWPHVKHV+RZHYHU WKHGHFRPSRVLWLRQSURGXFHGE\5RELQVRQ LVQ¶W
HQWLUHO\VXLWDEOHIRUKH[PHVKLQJSXUSRVHVDVWKHSDUWLWLRQLQJERXQGDULHVRIDOOWKLQVKHHWUHJLRQVZHUHRIIVHWLQDQ
DWWHPSW WRDFFXUDWHO\FDSWXUHVWUHVVHVDW WKH MXQFWLRQV ,Q WKLVZRUNRIIVHWVDUHRQO\SHUIRUPHG LQVLWXDWLRQVZKHUH
WKH\DUHUHTXLUHGWRPDLQWDLQWKHTXDOLW\RIWKHKH[HOHPHQWVEHLQJVZHSWWKURXJKWKHWKLQVKHHWUHJLRQ<LQHWDO




IHDWXUHVD ORWRI WLPH LV VSHQWRQ WKHFDOFXODWLRQRIPHGLDOVXUIDFHVDURXQG WKHFRPSOH[IHDWXUHV6OLYHUHGJHVRU
IDFHV H[LVW LQ WKH02HYHQ IRU VLPSOHJHRPHWU\ DQG WLG\LQJ WKHPXS UHTXLUHV H[WUD HIIRUW VXFK DV H[WHQGLQJ DQG
WULPPLQJ 7KLV WLPH LV ZDVWHG IRU WKLV DSSOLFDWLRQ DV WKHVH UHJLRQV KDYH QR FRQWULEXWLRQ WR WKH WKLQVKHHW

































































7KH REMHFWLYH RI WKLQVKHHW LGHQWLILFDWLRQ LV WR REWDLQ HTXLYDOHQW PDWFKLQJ WRSRORJLHV RQ ERWK WKH VRXUFH DQG
WDUJHWRIWKHWKLQVKHHWUHJLRQWRHQDEOHDVZHHSDEOHUHJLRQWREHH[WUDFWHG7KHVRXUFHDQGWDUJHWIDFHVDUHWKHIDFHV
UHWXUQHGIURPWKHIDFHSDLULGHQWLILFDWLRQSURFHVVLQWKHSUHYLRXVVHFWLRQ0DWFKLQJWRSRORJLHVDUHREWDLQHGXVLQJWKH








3URMHFWLQJ WKH SRO\JRQDO ERXQGDU\ UHSUHVHQWDWLRQ RI RQH VLGH¶V ERXQGDU\ RQWR WKH XQGHUO\LQJ VXUIDFH RI WKH
RSSRVLWHVLGHDOORZVWKHPDWFKLQJWRSRORJLHV WREHJHQHUDWHGXVLQJVLPSOHPHUJHDQGLQWHUVHFWLRQRSHUDWLRQV7KH







RXWVLGH WKH VLGHERXQGDU\7KH FORVHVW SRLQW RQ WKH VLGHERXQGDU\^E¶` LV XVHG LI WKHGLVWDQFHGEHWZHHQ WKH
SURMHFWHGSRLQWV LV OHVV WKDQඥܦଶ ൅ ሺܲݔ ெܶሻଶZKHUH' LV WKHGLVWDQFHEHWZHHQ WKHVLGH IDFHV70 LV WKHPHUJLQJ
WROHUDQFH VHH VHFWLRQ  DQG3 LV WKH SDUDOOHO FRHIILFLHQW WR WDNH LQWR FRQVLGHUDWLRQ WKH VLGH DUH QRW H[DFWO\
SDUDOOHO,I WKHGLVWDQFHEHWZHHQWKHSURMHFWHGSRLQWVLVJUHDWHUWKDQඥܦଶ ൅ ሺܲݔ ெܶሻଶ)LJE WKHQVLGHSRLQW
^E













 WRJXDUDQWHH D VWDEOH LPSOHPHQWDWLRQRI WKHPHUJLQJSURFHVV7KLV HQVXUHV WKDW SRLQWV DUH QRW LGHQWLILHG DV
EHLQJ FORVH WR PRUH WKDQ RQH SRLQW IURP WKH RSSRVLWH VLGH 7KH SRLQWWRSRLQW RSHUDWLRQ LV SHUIRUPHG ILUVW WR

















WKH RUWKRJRQDO SURMHFWLRQ DQG RYHUODSV  JDSV GXH WR ERXQGDU\ SURILOH SODFHPHQWV DUH WUHDWHG XVLQJ WKH









WKH PRGLILHG ' VLGH DQG VLGHSURM SRO\JRQV DUH JHQHUDWHG 7KLV WUDQVIRUPDWLRQ DOORZV WKH XVH RI VLPSOH '
SRO\JRQ%RROHDQRSHUDWLRQVWRREWDLQWKHLQWHUVHFWLRQ,QWKLVZRUNWKHSRO\JRQLQWHUVHFWLRQLVFDUULHGRXWXVLQJWKH
&OLSSHUOLEUDU\>@ZKLFKLVUREXVWDQGZRUNVIRUERWKFRQYH[DQGFRQFDYHSRO\JRQV
7KH LQWHUVHFWLRQ RSHUDWLRQ LV GHSLFWHG LQ )LJ  D ZKHUH WKH ' UHSUHVHQWDWLRQV RI VLGH DQG VLGHSURM DUH
VKRZQLQEODFNDQGUHGUHVSHFWLYHO\+DYLQJPDLQWDLQHGWKHUHODWLRQVKLSVWRWKHRULJLQDOSRO\JRQDOUHSUHVHQWDWLRQV






















HGJHERXQGLQJYHUWLFHV$SRLQW LVGHILQHGDV WKHYHUWH[RIDVLGHHGJH LI LWFRPHVIURPDQH[LVWLQJYHUWH[RI WKH
FRQWLQXRXVERXQGDULHVRULWUHSUHVHQWVDQHZLQWHUVHFWLRQSRLQWDVVKRZQLQUHGLQ)LJD*LYHQWKHSRLQWVVHWS
DQGWKHYHUWH[LQGLFHVVHW,WKHVLGHHGJH(MFDQEHFRQVWUXFWHGIURPRQHYHUWH[SRLQWWRWKHQH[WYHUWH[SRLQWDV






EHWZHHQ D VLGH HGJH DQG LWV FRUUHVSRQGLQJ VLGH HGJH RQ RSSRVLWH VLGH IDFH LV GHILQHG GXULQJ WKH PHUJLQJ DQG
LQWHUVHFWLRQSURFHGXUH7KH\DUHUHIHUUHGWRDVDVLGHHGJHSDLU)LJE)URPWKLVLQIRUPDWLRQHGJHVFRQQHFWLQJ





















:KHUH WKH FDQGLGDWH FXWWLQJ IDFH LV DQ H[LVWLQJ ZDOO IDFH LW ZLOO QRW EH XVHG WR SDUWLWLRQ WKH PRGHO DV QR
SDUWLWLRQLQJLVUHTXLUHG%XWLWQHHGVWREHGHWHUPLQHGZKHWKHUDQHZFXWWLQJIDFHLVUHTXLUHGE\FUHDWLQJDQHZIDFH
ERXQGHG E\ WKH VDPH VLGH HGJHV RU E\ RIIVHWWLQJ WKH FXUUHQW VLGH HGJHV )RU WKH IDFH SDLU LQ )LJ  WKH WKUHH
FDQGLGDWHFXWWLQJ IDFHV IURPH[LVWLQJZDOO IDFHVDUHQRWQHFHVVDU\ IRU WKHGHFRPSRVLWLRQDQGRQO\ WKHRQH IURPD
QHZ IDFHZLOOEHXVHG7KHGHFRPSRVHG WKLQVKHHWDQG WKH+H[PHVKJHQHUDWHGZLWK WKH VZHHSLQJDOJRULWKPDUH
VKRZQLQ)LJD1RWHWKDWWKH+H[PHVKJHQHUDWHVDVWUXFWXUHGTXDGULODWHUDOPHVKRQWKHZDOOIDFHVLHHYHU\
LQWHUQDOQRGHKDVLQFLGHQWHOHPHQWV+RZHYHULI WKHPRGHOLQ)LJKDVDFXUYHGHQGRQWKHOHIWZLWKWKHVDPH


















NJ WKH JHRGHVLF FXUYDWXUH RI WKH HGJHV. WKH *DXVVLDQ FXUYDWXUH RI WKH IDFH Q DQG Q WKH QXPEHU RI SRVLWLYH
VLQJXODULWLHV DQG QHJDWLYH VLQJXODULWLHV 7KH DGGLWLRQ RI WKH ILUVW WKUHH WHUPV DOZD\V JLYHV DPXOWLSOH RI ʌ )RU
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
DQGWKHWKLUGLWHPLV]HURVLQFHLWLVRQDSODQDUIDFH6R




















x 1$ RU1% DQRIIVHWZLOOEHPDGHRWKHUZLVHWKHTXDOLW\RIWKHHOHPHQWDWWKHFRUQHUZLOOEHSRRU)LJD





















)LJ D$SRLQWRQ WKH LQWHUVHFWLRQFXUYHVEHWZHHQ$DQG% LV LGHQWLILHGZKLFKKDV WKHPD[LPXPSURMHFWLRQ
GLVWDQFH DORQJ WKH RIIVHW GLUHFWLRQ7$ DV WKH JUHHQ SRLQWV VKRZQ LQ )LJ +HUH WKH RIIVHW LVPDGH VR WKDW WKH
PLQLPXPGLVWDQFH/ EHWZHHQ WKLV SRLQW DQG WKH ILQDO FXWWLQJ IDFH LV KDOI RI WKH ORFDO WKLFNQHVVRI WKH WKLQVKHHW
$IWHURIIVHWWKHZDOOHGJHVDUHFUHDWHGDVVWUDLJKWOLQHVRUFXUYHVRQWKHH[LVWLQJZDOOIDFHVFRQQHFWLQJWKHPDWFKHG
















0RGHOV D E F G H I
7LPHV      
1XPEHURIWKHWKLQVKHHWV      




XVLQJ DQLVRWURSLF +H[ HOHPHQWV LQ WKH WKLQVKHHW UHJLRQV $ UHSUHVHQWDWLYH LQGXVWULDO PRGHO WKH &5(6&(1'2
FRPSUHVVRU LQWHUFDVLQJ >@ LV XVHG KHUH IRU GHPRQVWUDWLRQ 7KH'2) DQG WKH DQDO\VLV DFFXUDF\ DUH FRPSDUHG
EHWZHHQDEHQFKPDUN7HWPHVKHGPRGHODQGWKHPL[HGHOHPHQWVPHVKHGPRGHOZKHUHWKHWKLQVKHHWVDUHPHVKHG
ZLWK+H[HOHPHQWVDQGWKHUHVLGXDOUHJLRQVDUHPHVKHGZLWK7HWHOHPHQWV)RUFODULW\RQO\RIWKHPRGHOLVXVHG
7KHRULJLQDOPRGHO LV VKRZQ LQ)LJDDQG LWZDVPHVKHGZLWKGHQVHQRGH7HWHOHPHQWVDV VKRZQ LQ)LJ
E7KHGHFRPSRVHGVROLGPRGHOLVVKRZQLQ)LJFZKHUHWKLQUHJLRQVKDYHEHHQLGHQWLILHGIRUWKLVPRGHO
DQGRFFXS\DSSUR[LPDWHO\RI WKHPRGHO¶VYROXPH7KUHHPL[HGHOHPHQWDQDO\VLVPRGHOVZHUHJHQHUDWHGIRU
























'2)    
7HW    
)UHHIUHHPRGDODQDO\VHVZHUHFRQGXFWHGRQ WKHPRGHOVDQG WKHILUVWPRGDO IUHTXHQFLHVDUHFRPSDUHG7KH
DQDO\VLVUHVXOWRIWKHGHQVH7HWHOHPHQWVPHVKHGPRGHOLVXVHGIRUUHIHUHQFH)LJFRPSDUHVWKHGLVFUHSDQF\LQ
WKHPRGDOIUHTXHQF\RIWKHPRGHOVPHVKHGZLWKPL[HGHOHPHQWVWRWKHUHIHUHQFHGHQVH7HWPHVK$FFRUGLQJWR)LJ








7KLV SDSHU SUHVHQWV DQ DSSURDFK WR LGHQWLI\ DQG LVRODWH WKLQVKHHW UHJLRQV LQ DPRGHO )RU WKHVH UHJLRQV+H[
PHVKLQJ FDQ EH JHQHUDWHG E\ WKH VZHHSLQJ DOJRULWKP 7KH DXWRPDWLF DSSURDFK EULQJV D VLJQLILFDQW UHGXFWLRQ RI
PDQXDO HIIRUW IRU WKH+H[PHVKLQJ JHQHUDWLRQ SURFHVV DQG VLJQLILFDQW'2) VDYLQJ FDQ EH DFKLHYHG E\ DSSO\LQJ
DQLVRWURSLF+H[HOHPHQWVWRWKHWKLQVKHHWUHJLRQV7KHDSSURDFKLVEDVHGRQWKHLQLWLDOLGHQWLILFDWLRQRIIDFHSDLUV
DIWHUZKLFKDVHULHVRIRSHUDWLRQVVXFKDVPDSSLQJPHUJLQJDQGLQWHUVHFWLRQDUHSHUIRUPHGWRGHFLGHWKHFDQGLGDWH
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H)LJI DQG)LJDUH
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